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表4．PK-PDパラメータの推定精度（RSE%） 
RSE% of the estimates 
Parameters Scenario 1  
Group A only 
Scenario 2 
group A and B 
PK fixed effect 
CL  8.01% 5.49% 
V1 8.50% 7.51% 
Q 8.71% 7.77% 
V2 17.3% 17.1% 
PK random effect 
CL 26.5% 18.4% 
V1 27.4% 25.6% 
V2 41.7% 38.6% 
Residual 3.40% 3.14% 
PD fixed effect 
Imax  28.9% 22.0% 
IC50 19.3% 13.8% 
Kin* 45.5% 32.5% 
PD random effect 












































（MBDD; Model-Based Drug Development）。 MBDDと






























θ (j, k; 1, 2, 3, …, p)
【参考文献】
1) Lalonde,R.L. & et al. Model-based Drug Development. Clin. 
Pharmacol. Ther. 82, 21–32 (2007). 
2) Kang, D., & et al. Sample-size computation method for non-
linear mixed effects models with application to 
pharmcokinetics models.  Stat. in Med. 23, 2551-66 (2004)
3) Ogungbenro, K., & et al. Sample-size calculations for multi-
group comparison in population pharmacokinetic experiments. 
Pharmaceut. Statist. 23, 2551–66 (2009) 
4) Retout, S., & et al. Fisher information matrix for non-linear 
mixed-effects models: evaluation and application for optimal 
design of enoxaparin population pharmacokinetics. Statist. 
Med. 21:2623-39 (2002).
5) Ette,E.I., & et al. Pharmacometrics (eds. Ette,E.I. et al.) 
303–326. A John Willey & sons, Inc. New Jersey (2002).
6) Mentré,F., & et al. Software for optimal design in population 
pharmacokinetics and pharmacodynamics: a comparison. 
www.page-meeting.org/?abstract=1179. Accessed 18 May 
2009.
7) Retout, S., & et al. Fisher information matrix for non-linear 
mixed-effects models: evaluation and application for optimal 
design of enoxaparin population pharmacokinetics. Statist. 
Med. 21:2623–39 (2002).
2. 臨床試験のデザイン最適化; PPK
図1．Model-Based Drug Development （MBDD）の概略































シナリオ1: グループA（30例，5群各6例，被験者あたりPK = 
17ポイント，PD = 6ポイント）
シナリオ2: 上記のグループAに加えグループB（36例，4群





























Table 2 Result of PFIM 3.0 evaluation by study design 
 Design # Sampling Design* D-optimal criterion
1 N=100, {24 hr} 6.32 
2 N=100, {1.5, 24 hr} 7.38 
3 N=100, {1.5, 4, 24 hr} 9.36 
4 N=100, {1.5, 6, 24 hr} 9.46 
5 N=100, {1.5, 4, 6, 24 hr} 11.6 
6 N=100, {1.5, 4, 6, 12, 24 hr} 12.8 
PFIM 3.0 evaluation included an elementary design of a healthy volunteer PK study (N=30, 
time points=0.5, 1, 2, 3, 4, 5, 6, 8, 12, and 24 hrs postdose) into each design. 
表1．
図3．PK-PDモデルの概略（indirect response model）
表 2 Expected standard errors (RSE%) of fix and random effect  
parameters for Clearance (PFIM 3.0 evaluation) 
 Design # Sampling Design* CL fixed effect CL random effect
1 N=100, {24 hr} 7.35% 53.2% 
2 N=100, {1.5, 24 hr} 7.34% 50.3% 
3 N=100, {1.5, 4, 24 hr} 7.07% 43.0% 
4 N=100, {1.5, 6, 24 hr} 5.99% 47.5% 
5 N=100, {1.5, 4, 6, 24 hr} 5.99% 40.9% 
6 N=100, {1.5, 4, 6, 12, 24 hr} 5.98% 39.7% 
PFIM 3.0 evaluation included an elementary design of a healthy volunteer PK study (N=30, 
time points=0.5, 1, 2, 3, 4, 5, 6, 8, 12, and 24 hrs postdose) into each design. 
